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Overview 


» Introduction to power transmission 
> Types of power transmission 
» Belt drives: 
» open & crossed belt 
» Flat & V belt 
» Stepped pulley (Flat & cone), 
» Fast & loose pulley. 
» Slip & creep, Velocity ratio, linear speed of belt. 
» Numerical problems 
» Gear drives: 
» Spur 
> helical 
» bevel gears 
» Rack & Pinion 
» Worm & Worm Gear 
» Gear trains: 
» Simple, 
» Compound. 
» Numerical problems 
» chain drive briefly 


Introduction 


* Power transmission is the movement of 
energy from its place of generation to а 
location where it is applied to performing 
useful work. 


е Power is defined formally as units of energy 
per unit time. In SI units: 
joule newton х meter 


watt = —— = 
second second 


sees WY USED ? 


> Transfer power (torque) from опе location to another. From driver: 
motor, peddles, engine, windmill, turbine to driven: conveyor belt, 
back wheels/ bike, generator rock crusher, dryer. 


> Used to span large distances or need flexible x-mission elements. 
Gear drives have a higher torque capability but not flexible or 
cheap. 


> Often used as torque increaser (speed reducer), max speed ratio: 
3.5:1. Gear drives?? Virtually unlimited! 


FIGURE 7-1 
Combination drive 
employing V-belts, a 
gear reducer, and a 
chain drive [Source for 
Part (b): Browning 
Mfg. Division, 
Emerson Electric Co., 
Maysville, KY] 


Electric 
motor 









V-belt drive 


(a} Sketch of combination drive 


^ machine 





Driven 


(b) Photograph of an act 
that guards have bcen re 
chain drives to show det 


Sometimes desirable to 
have both chain and 
belt drive (Fig 7.1) 


Belt: high speed/low 
torque 


Chain: Low speed/high 
torque 





Types of power transmission 


> Belt drives: 
> open & crossed belt 
> Flat & V belt 
> Stepped pulley (Flat €: cone), 
> Fast & loose pulley. 
> Slip & creep, Velocity ratio, linear speed of belt. 
> Numerical problems 
> Gear drives: 
> Spur, 
> helical, 
> bevel gears, 
> Rack & Pinion, 
> Worm & Worm Gear. 
> Gear trains: 
> Simple, 
> Compound. 
> Numerical problems 


> chain drive briefly 











BELT DRIVE 





Advantages of a Belt Drive System 











e Easy and economical installation. 

e No lubrication required. 

e Clean € low maintenance. 

e Elasticity of belts helps shock load 
dampening. 

e Quiet, smooth operation. 

e Long life expectancy when well designed. 





e Good mechanical efficiency. 


BELT DRIVE 


> А belt is a looped strip of flexible material, used to 


> 


mechanically link two or more rotating shafts. 


They may be used as a source of motion, to 
efficiently transmit power, or to track relative 
movement. Belts are looped over pulleys. 


In a two pulley system, the belt can either drive 
the pulleys in the same direction, or the belt may 
ре crossed, so that the direction of the shafts is 
opposite. 


Open belt drive 


pitch line 
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Cross belt drive. 





Belts on а Yanmar 2GM20 marine diesel 
engine 





FLAT BELT 





VEE ВЕТ 





TIMING BELT 





ROUND BELT 








Advantages of belt drive 


They are simple. They are economical. 

Parallel shafts are not required. 

Overload and jam protection are provided. 

Noise and vibration are damped out. Machinery life is 
prolonged because load fluctuations are cushioned (shock- 
absorbed). 

They are lubrication-free. They require only low maintenance. 
They are highly efficient (90-98%, usually 95%). Some 
misalignment is tolerable. 


They are very economical when shafts are separated by large 
distances. 





Disadvantages of belt drive 


The angular-velocity ratio is not necessarily constant or equal 
to the ratio of pulley diameters, because of belt slip and 
stretch. 


Heat buildup occurs. Speed is limited to usually 7000 feet per 
minute (35 meters per second). Power transmission is limited 
to 370 kilowatts (500 horsepower). 


Operating temperatures are usually restricted to —31 to 185*F 
(-35 to 85°С). 

Some adjustment of center distance or use of an idler pulley is 
necessary for wear and stretch compensation. 


A means of disassembly must be provided to install endless 
belts. 


Pulleys апа Belts 


e An advantage of pulleys over gear wheels is that their distance 
is not as critical. They сап be used to transfer motion to a 
distant axle. 


е Pulleys are not very suitable to transmitting high torque, 
because the belts tend to slip. The amount of slippage is not 
easy to estimate; it depends on many factors, including the 
torque and speed, the tension of the belt, the friction between 
the belt and the pulley, and the elasticity of the belt. 


• The rule with pulleys is that the reduction ratio is determined 
by the ratio between their diameters. 





GEAR..... 


е A gear is a component within a transmission 
device that transmits rotational force to another 
gear or device 


TYPES OF GEARS 





> According to the position of axes of the shafts. 
> Parallel 
> 5рш Gear 
> Helical Gear 
> Rack and Pinion 
> Intersecting 
> Bevel Gear 
>  Non-ntersecting and Non-parallel 
> worm and worm gears 


SPUR GEAR 





е Teeth ıs parallel to axis 
of rotation 


* Transmit power from 
one shaft to another 
parallel shaft 


* Used in Electric 
screwdriver, oscillating « 
sprinkler, windup alarm + 
clock, washing machine 
and clothes dryer 





External and Internal spur Gear... 
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Helical Gear 


° The teeth on helical gears are cut at an angle to 
the face of the gear 


* This gradual engagement makes helical gears 
Operate much more smoothly and quietly than 
spur gears 


e One interesting thing about helical gears 1s that 1f 
the angles of the gear teeth are correct, they can 
be mounted on perpendicular shafts, adjusting 
the rotation angle by 90 degrees 


Helical Gear... 





Herringbone gears 


e To avoid axial thrust, two 
helical gears of opposite 
hand can be mounted side 
by side, to cancel resulting 
thrust forces 





е Herringbone gears are 
mostly used on heavy 
machinery. 





Rack and pinion 


е Rack and pinion gears 
are used to convert 
rotation (From the 
pinion) into linear 
motion (of the rack) 


е A perfect example of this 
1s the steering system on 
many cars 





Bevel gears 


Bevel gears are useful when the direction of a shaft's 
rotation needs to be changed 


They are usually mounted on shafts that are 90 
degrees apart, but can be designed to work at other 
angles as well 

The teeth on bevel gears can be straight, spiral or 
hypoid 

locomotives, marine applications, automobiles, 
printing presses, cooling towers, power plants, steel 
plants, railway track inspection machines, etc. 


Straight and Spiral Bevel Gears 





WORM AND WORM GEAR 


е Worm gears are used when large gear reductions are 
needed. It is common for worm gears to have 
reductions of 20:1, and even up to 300:1 or greater 


* Many worm gears have an interesting property that 
no other gear set has: the worm can easily turn the 
gear, but the gear cannot turn the worm 


е Worm gears are used widely іп material handling 
and transportation machinery, machine tools, 
automobiles etc 


WORM AND WORM GEAR 
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NOMENCLATURE OF SPUR 
GEARS 








space width 
Addendum Face 


Cire le Wid 
ді (re ular 
Thickness 
Addendum 
; | Face 


NOMENCLATURE.... 


Pitch surface: The surface of the imaginary rolling cylinder 
(cone, etc.) that the toothed gear may be considered to replace. 


Pitch circle: A right section of the pitch surface. 

Addendum circle: A circle bounding the ends of the teeth, іп a 
right section of the gear. 

Root (or dedendum) circle: The circle bounding the spaces 
between the teeth, in a right section of the gear. 

Addendum: The radial distance between the pitch circle and 
the addendum circle. 

Dedendum: Тһе radial distance between the pitch circle and 
the root circle. 

Clearance: The difference between the dedendum of one gear 
and the addendum of the mating gear. 


NOMENCLATURE.... 


Face of a tooth: That part of the tooth surface lying outside 
the pitch surface. 

Flank of a tooth: The part of the tooth surface lying inside the 
pitch surface. 

Circular thickness (also called the tooth thickness): The 
thickness of the tooth measured on the pitch circle. It 1s the 
length of an arc and not the length of a straight line. 

Tooth space: pitch diameter The distance between adjacent 
teeth measured on the pitch circle. 

Backlash: The difference between the circle thickness of one 
gear and the tooth space of the mating gear. 

Circular pitch (Pc) : The width of a tooth and a space, 
measured on the pitch circle. p. Л D 
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NOMENCLATURE.... 


* Diametral pitch (Pd): The number of teeth of a gear unit pitch 
diameter. The diametral pitch is, by definition, the number of 
teeth divided by the pitch diameter. That 15, 


Where р _ 
Ра = diametral pitch | 
М = number of teeth 

D = pitch diameter 


id 
D 


° Module (m): Pitch diameter divided by number of teeth. The 
pitch diameter is usually specified іп inches or millimeters; in 
the former case the module is the inverse of diametral pitch. 


m = D/N 


VELOCITY RATIO OF GEAR 
DRIVE 


d = Diameter of the wheel 
N =Speed of the wheel 


о = Angular speed 


velocity ratio (n) = 


GEAR TRAINS 


* A gear train 15 two or more gear working 
together by meshing their teeth and turning 
each other in a system to generate power and 
speed 


° It reduces speed and increases torque 


e Electric motors are used with the gear systems 
to reduce the speed and increase the torque 


Types of Gear Trains 


v Simple gear train 

v Compound gear train 
v Planetary gear train 
Simple Gear Train 


° Тһе most common of the gear train 1s the gear pair 
connecting parallel shafts. The teeth of this type can 
be spur, helical or herringbone. 


* Only one gear may rotate about a single axis 


Simple Gear Train 





Compound Gear Train 


е For large velocities, 
compound 
arrangement 1s 
preferred 

e [уо or more gears 
may rotate about a 
single axis 





Planetary Gear Train (Epicyclic Gear Train) 





Planetary Gear Train... 


In this train, the blue gear has six times the diameter 
of the yellow gear 

The size of the red gear 1s not important because it 1s 
just there to reverse the direction of rotation 

In this gear system, the yellow gear (the sun) engages 
all three red gears (the planets) simultaneously 

All three are attached to a plate (the planet carrier), 


and they engage the inside of the blue gear (the ring) 
instead of the outside. 


Planetary Gear Train... 


е Because there are three red gears instead of 
one, this gear train 1s extremely rugged. 


е planetary gear sets 1s that they can produce 
different gear ratios depending on which gear 
you use as the input, which gear you use as the 
output, and which one you hold still. 


Planetary Gear Train... 


They have higher gear ratios. 

They are popular for automatic transmissions 
іп automobiles. 

They are also used in bicycles for controlling 
power of pedaling automatically or manually. 
They are also used for power train between 
internal combustion engine and an electric 
motor 


Short Quetions 


What 1s power transmission? 

Why gear drives are called positively driven? 

What 15 backlash іп gears” 

What are the types of gears available” 

What is gear train? Why gear trains are used? 

Why intermediate gear in simple gear train 16 called idler? 
What is the advantage of using helical gear over spur gear? 
List out the applications of gears 

Define the term ‘module’ іп gear tooth 

What 15 herringbone gear? 
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Why ме need chain drivers? 


* On belt and rope drives that slipping may 
occur. In order to avoid slipping, steel chains 
are used. 


DEFINITION 


The chains are made up of number of rigid 
links which are hinged together by pin joints in 
order to provide the necessary flexibility for 
wrapping round the driving and driven wheels. 
These wheels have projecting teeth of special 
profile and fit into the corresponding recesses 
іп the links of the chain as shown іп Fig. The 
toothed wheels are known as *sprocket 


wheels or simply sprockets. 


Explanation through diagram 
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Practical applications of 
chain drives 


е The chains are mostly used to transmit motion and 
power from one shaft to another, when the centre 
distance between their shafts is short such as in 

, motor cycles, agricultural machinery, 
conveyors, rolling mills, road rollers etc. 

е The chains may also be used for long centre distance 
of upto 8 metres. 

е The chains are used for velocities up to 25 m / s and 
for power upto 110 kW. In some cases, higher power 
transmission is also possible. 





Advantages апа Disadvantages of Chain Drive over Belt 
or Rope Drive 


Advantages 


> As no slip takes place during chain drive, hence perfect velocity ratio is 
obtained. 


>сіпсе the chains are made of metal, therefore they occupy less space in 
width than a belt or rope drive 


» |t may be used for both long as well as short distances 


It gives a high transmission efficiency (upto 98 percent). 


It gives less load on the shafts. 


It has the ability to transmit motion to several shafts by one chain 
only. 


It transmits more power than belts. 


It permits high speed ratio of 8 to 10 in one step. 


It can be operated under adverse temperature and atmospheric 
conditions. 





Disadvantages 





The production cost of chains is relatively high. 


The chain drive needs accurate mounting апа 
careful maintenance, particularly lubrication and 
slack adjustment. 


The chain drive has velocity fluctuations especially 
when unduly stretched. 


Terms Used іп Chain Drive 


Pitch of chain 


It is the distance between the hinge centre of a link and the corresponding hinge centre 


of the adjacent link, as shown in Fig. It is usually denoted by р. 


Chain roller 





Hinge Centre 


Chain roller 





Pitch circle diameter of chain sprocket. 


It is the diameter of the circle on which the hinge centres of the 
chain lie, when the chain is wrapped round a sprocket as 
shown in above Fig. The points A, В, С, and D are the hinge 
centres of the chain and the circle drawn through these 
centres is called pitch circle and its diameter (D) is known as 
pitch circle diameter. 


Chain roller 





Hinge Centre - 


Relation Between “Pitch” and “Pitch Circle 
Diameter (p and d 





Relation Between “Pitch” and “Pitch Circle 
Diameter (p and d 


Chain roller 


e Achain wrapped round 
the sprocket is shown in 
Fig.. Since the links of the 
chain are rigid, therefore 
pitch of the chain does not 
lieon the arc of the pitch 
circle. 


e The pitch length becomes 
a chord. 


* Consider one pitch length 
AB of the chain 
subtending an angle O at 
the centre of sprocket (or 
pitch circle), 





Hinge Centre 


Let 
D = Diameter of the pitch circle, and 


T = Number of teeth on the sprocket. 


From Fig. we find that pitch of the chain 


We know that 
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The sprocket outside diameter (D ), for satisfactory operation is given by 


where 


D =0+084 


(5 Diameter of the chain roller, 


Note: The angle 6/2 through which the link swings as it enters contact is called angle of articulation, 


Kinematics of Chain Drive 


Let us consider two sprockets, in which driven sprocket is 
larger than the driver sprocket. AC is the pitch of driving 
sprocket, and BB, is the pitch of driven sprocket. We want to 
compare the angular velocities of two sprockets. 


Driving sprocket 





Driven sprocket 


Kinematics of Chain Drive 


e Initially when the driving sprocket was at A, the driven was at 
B, with the centers O, and O, respectively. To find the 
instantaneous centre, we produce 0,0, and AB to meet an 
point I. 





Driving sprocket 


Driven sprocket 


Kinematics of Chain Drive 


* If w, and w, are the angular velocities of 
driver and driven sprockets respectively, then, 


ш, * Oll = w, * О, 
w,/ w = O,l/ O,I 
= (0,0,+ O,1)/ О,! 
w,/ w = 1+(0,0,/ O,!). 
So, w,/ w, is inversely proportional їо “О І”. 


Kinematics of Chain Drive 


е The instantaneous centre of rotation changes along with the 
rotation. 


• The relation w,/ w, = 1+(0,0,/ O,!) represents the minimum 
velocity ratio, as В is the lowest point of pitch and 115 at the 
greatest distance from the driving sprocket. 








Kinematics of Chain Drive 


e When A moves to A,, B moves to point B,. So 
the instantaneous centre of rotation will be 
|, which as compared to |, is nearer from the 
driven sprocket. So velocity ratio will be 
maximum. 
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Kinematics of Chain Drive 


e In actual practice, the smaller sprocket must 
have a minimum of 18 teeth and hence the 
variation of velocity ratio from the mean value 
is very small. 


Classification of Chains 


The Chains, on the basis 
of their use, are 
classified into the 
following three groups: 


Hoisting or hauling (or 
crane) chains. 


Conveyer (or tractive) 
chains. 


Power transmitting (or 
driving) chains. 





Hoisting or hauling (or crane) chains 


These chains are used for hoisting and 
hauling purposes. These are of two types: 


Chains with oval links. 
Chains with square links. 





Hoisting or hauling (or crane) chains 


Chains with oval links: 


The links are of 
oval shape. The joint 
of each link is welded. 
Such type of chains 
are used only at low 
speeds such as chain 
hoists and in anchors 
of marine work. 








Hoisting or hauling (or crane) chains 


Chains with square links: 


The links are of square shape. 
Such type of chains are used in hoists, 
cranes, dredges. These are cheaper than oval 
link chains, but the kinking occurs easily on 
overloading. 





Conveyer Chains 


These chains are used 
for elevating and 
conveying the 
material continuously. 
These are of two 
types: 


Detachable or hook 
joint type chain. 


Closed joint type 
chain. 
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Conveyer Chains 


Properties: 

Usually manufactured by cast iron. 

Do not have smooth running qualities. 
Run at low speeds of about 3 to 12 Km/h. 


Power transmittin chains 


> Transmission of power when the 
distance between the shafts is short 


> Have provision for efficient lubrication 
> Three types 

> Block chain 

> Bush roller chain 

> Inverted tooth or silent chain 


Power transmittin chains 


1. Block chain 


ө itis also known as bush chain 


e — Produce noise because of rubbing between teeth and links 





Power transmittin chains 


е Bush Roller chain 

it consist of 
1.Outer plate or pin link plate 
2.Inner plate or roller link plate 
3.Pins 
4.Bushes 
5.Rollers 


Outer plate 
(Pin link plate) 






Inner plate | | 
(Roller link i | 
plate) 






EL L EN ГІ 
^ AAA |" 


Advantages of bush chain 


“Ехігетеіу strong 

eSimple in construction 

*|t gives good service under sever condition 
“Сап be used with little lubrication 
Produce little noise 

eRollers resist wear 


inverted tooth or silent chain 


Purpose 
*Noiseless running 


eEliminates the effects on chain and 
sprocket caused hv u stretching 





Length of chain 





L=] [(r, + r,)+2x+ (г, - r,)? /x 


Numerical Examples 


e EXAMPLE +1: 

A chain drive is used for reduction of 
speed from 320rpm to 128rpm. The number of 
teeth on driven sprocket is 50, 

(a)Find the number of teeth on driving sprocket. 
(b)If the pitch circle diameter of driving sprocket is 
300mm, find out the pitch of chain drive. 


Numerical Examples 


e Achain drive having a speed of driving 
sprocket 220rpm, and the number of teeth on 
the driving and driven sprocket are 24 and 48 
respectively. 

(a) Find out the driven speed of sprocket. 

(b) If p=25mm, find out the circle diameter of 
driven sprocket. 

(с) If k=33, find out the length of chain. 


Numerical Examples 


e A chain drive is used for reduction of speed 
from 240rpm to 120 rpm. The number of 
teeth on the driving sprocket is 20. Find the 
number of teeth on the driven sprocket. If the 
pitch circle diameter of the driven sprocket is 
800mm, determine the pitch and length of 
chain. 


Numerical Problem 


e A chain drive is used for increase in speed 
from 180rpm to 360rpm. The number of teeth 
on the driven sprocket is 30. If the pitch circle 
diameter of the driving sprocket is 900 mm 
and center to center distance between two 
sprockets is 1200mm. 


Determine the length and the pitch of the 
chain. 


Roller chain and sprocket 
41 | 
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PROBLEM 


Following are the details of a crossed belt drive. Calculate the length 
of the belt? 
Diameter of the driver i 200 mm 
Diameter of the follower | 400 mm 
Center distance of the drive : 2m 
Speed of the driver | 400 грт 
Angle of contact 197.3 
Determine the length of the belt. 
Solution: 
D1 = 200 mm 
D2= 400 mm 
C= 2m 
N1 = 400 rpm 
Length of the belt = L =2C+ П / 2 (01+ D2) + (01+ D2) / 4C 
= (2x2) + N / 2 (0.2+ 0.4) + (0.2+ 0.4) / 4x2 
= 4.99 m 


Possible Questions 


Short Answer Questions 


л P YN E 


. Differentiate between open belt and crossed belt drive. 


What are the commonly used materials for flat belts? 
List out the applications of belt drives. 

What do you mean by slip in a belt drive? 
Differentiate between belt drive and chain drive. 


Long Answer Questions 


1. Explain with neat sketch, the types of various flat belt drives. 
2. List out the advantages and disadvantages of belt drives. 
3. 

4. Briefly explain chain drives. 


Compare flat belt and V belts. 


Essay type questions 


With sketch explain various types of gears 
With sketch explain three types of gear trains 
With neat sketch explain the nomenclature of 
spur gear 

Write the applications, advantages and 
disadvantages of gear drives 


